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Abstract 
Surface-barrier structures of a-C-pSi, Sb-pSi and a-C-Sb-pSi were fabricated by the vacuum deposition of Sb (~5 nm) 
and amorphous carbon (~70 nm)  films onto factory quality p-type (>104 ohm cm) Si substrate (500 ȝm) at the room 
temperature by the using of a Q-switched glass: Nd3+ laser (1.064 ȝm wavelength, 30 ns pulse duration, intensity of 
~10 9 W/cm2 in the target irradiation zone). Current density-voltage characteristics of fabricated structures were 
investigated in the dark and under white light illumination at room temperature. Short-circuit current density Jsc=1 
mA/cm2 and open-circuit voltage Voc=0.2 V for Sb-pSi and correspondingly  6 mA/cm2 and 0.26 V for Sb-pSi 
covered with a-C structures were obtained. 
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1. Introduction 
The predictions of development semiconductor electronics are based on existing relation of materials 
and methods and, in spite of a using other semiconductors, the leading role nowadays undoubtedly 
preserves silicon. We have obtained ohmic contacts to n-Si by the pulsed-laser deposition (PLD) method 
earlier [1]. Other data for fabrication of metal contacts (low-resistance and/or barrier structures) on silicon 
by pulsed laser deposition method are not known in the literature. 
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PLD method has a significant part in a technology of fabrication of functional electronics elements [2, 
3]. Nowadays this technology allows us to obtain layers of ceramic materials, ferroelectric substances, 
oxides, superconductors, silicon carbide materials, nitrides, semiconductors, carbon, diamond-like carbon, 
fullerenes and polymers, and it's based on the using of physical phenomena occurring under the influence 
of laser radiation on solid targets, which results to spread (ablation) of a substance from the irradiation 
zone. The method holds of unique characteristics: 
1. Possibility of evaporation practically all the materials including as well high-melting. 
2. Short times of deposition (about 10-6 sec.), which is equivalent to improve the “effective vacuum” 
on a several orders. 
In this work we have developed a PLD method for fabrication of silicon based surface-barrier 
structures. Barrier and low-resistance contacts on industrial quality silicon substrates were fabricated at 
the room temperature in a unified technological cycle without high-temperature annealing and chemical 
or ion etching of pSi substrate surface. 
2. Experimental details 
PLD set up consists of a Q-switched glass: Nd3+ laser (1.064 μm wavelength, 30 ns pulse duration, 
laser energy - 3 J per pulse) and a vacuum chamber with residual gas pressure 2·10-6 mm.Hg. High-
resistivity (> 104 ohm-cm) p-type factory quality silicon (thickness 500 μm) wafers were used as a 
substrate. The selection of silicon wafers (natural oxide is not more than 3-4 nm) carried out on thin-film 
measurement system Filmetrics F20. Most usable in semiconductor electronics metals In and Sb have 
been selected for the fabrication of low-resistance contacts and barrier structures. Silicon based barrier 
structures have also been obtained by laser deposition of amorphous carbon (a-C) film ( thickness 70 nm) 
from the pure carbon target. Silicon wafers were degreased in pure acetone, washed in redistilled water 
and were dried in air jet. Short-time (20-30min.) annealing of the silicon substrates were made befor the 
deposition of In, Sb and a-C layers at the temperature of 100°C and under vacuum of 2·10-6 mm.Hg. 
Current density-voltage (J-V) characteristics of fabricated structures were investigated in the dark and 
under white light illumination at room temperature. 
3. Results 
a-C-pSi, Sb-pSi and a-C-Sb-pSi structures were fabricated onto p-type (>104 ohm cm) silicon substrate 
(500 ȝm) by the vacuum (2·10-6 mm.Hg) pulsed laser deposition (intensity of ~109 W/cm2 in the targets 
irradiation zone) of nanosized a-C (~70 nm) and Sb (~5 nm) layers. One of the Sb-pSi samples was 
covered with a-C layer (70 nm) by the PLD method after deposition of low-resistance contact to Sb (Sb-
pSi covered a-C). 
Low-resistance contacts to the obtained structures were fabricated by laser deposition of In in a same 
technological cycle and were metalized by physical vapor deposition of In. Low-resistance contacts 
fabricated under this conditions are linear and stable in a wide range of temperature (77K-300K). 
Measured at room temperature dark J-V characteristics of fabricated structures are shown in Fig. 1 (semi-
logarithmic scale). We have a rectifying junctions at all fabricated samples unexceptionally.  
 
K.E. Avjyan et al. / Physics Procedia 22 (2011) 87 – 90 89
 
-14
-12
-10
-8
-6
-4
-2
0
-1.5 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.1 0.1 0.3 0.5
U, v
L
n
 J
aC-pSi
aC-Sb-pSi
Sb-pSi
Sb-pSi covered aC
 
 
 
Fig. 1. Dark J-V characteristics of fabricated structures (semi-logarithmic scale). 
 
As in the model of metal-semiconductor «Shcottky» barrier, the forward current ((+) on p-Si) is due to 
majority carrier flow across a barrier in all obtained junctions, and it varies as a J=J0exp(eU/nkT) (J0 – 
saturation current, n – nonideality coefficient) in a 0.1 v to 0.5 v range of applied bias. The barrier heights 
of fabricated structures were calculated from J0=A**T2exp(-eɎbI/kT) (A** = 35; T = 300K). The table 1 
shows the main parameters of obtained structures. 
 
Table 1. Main parameters of obtained structures 
 
Type of structure ratio of forward current to 
reverse at 0.5 v 
n ɎbI , eV 
a-C-pSi 150 4 0.62 
Sb-pSi 50 5.5 0.63 
a-C-Sb-pSi 300 3 0.65 
Sb-pSi covered a-C 280 3 0.6 
 
J-V characteristics of fabricated structures were investigated under natural daylight ( 20-30 mW/cm2 ) 
on conditions close to AM1.5. We found, that all of fabricated structures are light-sensitive. Short-circuit 
current density Jsc=1 mA/cm2 and open-circuit voltage Voc=0.2 V for Sb-pSi and correspondingly  6 
mA/cm2 and 0.26 V for Sb-pSi covered with a-C structures were obtained (Fig. 2). 
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Fig. 2. Light J-V characteristics of Sb-pSi and Sb-pSi covered a-C structures. 
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4. Conclusion 
a-C-pSi, Sb-pSi and a-C-Sb-pSi surface-barrier structures were fabricated at room temperature by PLD 
method in a unified technological cycle without high-temperature annealing and chemical or ion etching 
of pSi substrate surface. We found, that all of fabricated surface-barrier structures are light-sensitive. Sb-
pSi sample covered with a-C layer (70 nm) by the PLD method is more light sensitive than Sb-pSi barrier 
structure. We assume, that the surface recombination decreases after deposition of a-C layer on the Sb-pSi 
barrier structure. The obtained results can be used in the silicon based electronics. 
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